Objective. To identify predictors of the receipt of medical care, including the receipt of pre-drug screening, for diagnostically targeted fungal or mycobacterial infections among patients prescribed a tumor necrosis factor inhibitor (TNFi).
Methods. We conducted a case-control study using deidentified patient health claims information from a data set representing a commercially insured US population of 15 million patients annually from January 1, 2007 to December 31, 2009. Descriptive statistics as well as a 2-sample t-test, chi-square test of association, Fisher's exact test, and multivariate logistic regression were used for data analysis.
Results. A total of 30,772 patients received a TNFi during the study period. Of these, 158 patients (0.51%) developed targeted fungal and/or mycobacterial infections (cases). The median number of infections per case was 1.0 (interquartile range 1.0-2.0). Tuberculosis was diagnosed in 61% of cases, followed by histoplasmosis in 60%, nontuberculous mycobacterial infections in 11%, coccidioidomycosis in 10%, unspecified fungal infection in 8%, blastomycosis in 4%, cryptococcal infection in 3%, and pneumocystosis in 2%. Compared to controls (n 5 474), a higher proportion of cases were prescribed prednisone (55% versus 37%; P < 0.001). Patients who were prescribed prednisone during the study period were twice as likely as those not taking prednisone to seek medical care attributable to a targeted fungal or mycobacterial infection (odds ratio 2.03; P < 0.001).
Conclusion. Development of a targeted fungal or mycobacterial infection among patients taking a TNFi is rare. Concomitant use of prednisone predicted development of such infections.
Tumor necrosis factor inhibitors (TNFi) are biologic medications that exert their effect by inhibiting TNF, a proinflammatory cytokine (1) Janssen]) approved by the US Food and Drug Administration for the treatment of conditions including rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, psoriasis, Crohn's disease, and ulcerative colitis (2) .
A multitude of bacterial and fungal infections have been associated with TNFi use, including tuberculosis, histoplasmosis, blastomycosis, coccidioidomycosis, invasive candidiasis, aspergillosis, legionellosis, listeriosis, and pneumocystosis (2) . Despite the health risks associated with these infections, screening for these infectious processes prior to initiating TNFi has not been standardized in practice.
Currently, it is recommended that providers prescribing a TNFi screen for tuberculosis prior to initiating the medication and then yearly for the duration of medication use (3). Guidelines for tuberculosis screening prior to implementing treatment include either a tuberculin skin test (TST) or serum interferon-g-release assays (IGRAs) and possibly a chest radiograph if results are positive or if active disease is strongly suspected (3) . It is estimated that one-third of the world population is infected with tuberculosis, with the US reporting .9,500 new cases in 2013 (4). In 2014, van der Have and colleagues reported the cost of a TST and chest radiograph to be the equivalent of $87 and the cost of an IGRA to be the equivalent of $63 (5). Furthermore, the World Health Organization reported that the US budget for tuberculosis control was $137 million in 2013, indicating the impact of this disease (6) .
Although there is limited evidence to guide screenings for other bacterial and fungal infections prior to initiating or during the use of TNFi, the American Academy of Dermatology has provided recommendations suggesting that screenings for histoplasmosis and coccidioidomycosis should be considered prior to initiating TNFi therapy (3) . Histoplasmosis is endemic in the Ohio and Mississippi River Valleys, and the incidence rates for this infection range from 0.55 to 12.30 cases per 100,000 person-years in the US, indicating a large number of exposures (7, 8) . The majority of people with histoplasmosis infections remain asymptomatic or, at most, may have minor and nonspecific ailments, making knowledge of exposure extremely difficult (9) . A urinary antigen analysis or blood test is a first step for determining exposure to histoplasmosis, with a chest radiograph, biopsies, and other more extensive testing performed as needed. Coccidioidomycosis is endemic in Southwest areas of the US. This infectious condition affected 42.6 of 100,000 persons in the US in 2011 (10). Screening recommendations include a chest radiograph and serum blood tests for the presence of fungi (3) . Guidelines also recommend obtaining a history of residing in or traveling to an area where the disease is endemic prior to the initiation of TNFi treatment in an effort to guide the necessity for screening (3) .
Although blastomycosis and pneumocystosis are 2 additional fungal infections associated with the use of TNFi, screening for these infections prior to initiating TNFi has not been a clinical practice recommendation set forth by professional medical organizations. Blastomycosis, a fungal infection caused by Blastomyces dermatitidis, occurs most frequently in persons residing in the Midwest, South Central, and Southeastern portions of the US (11) . There are estimated to be 1-2 cases per 100,000 persons in the US (11, 12) . Pneumocystis pneumonia, a fungal infection caused by Pneumocystis jiroveci, is diagnosed in immunocompromised patients and is associated with high mortality rates if untreated (13) . Nontuberculous mycobacterial infections are spread through contact with soil, water, food, and animals and can cause severe illnesses in immunocompromised patients. These infections are not surveilled in the US; thus, their incidence is not well known (14) .
There are few studies describing the incidence of and risk factors for developing bacterial and fungal infections in patients who have taken TNFi. Thus, we used a case-control study design to identify factors predicting the likelihood of receiving medical care, including receiving predrug screening, for diagnostically targeted fungal or mycobacterial infections among patients prescribed a TNFi.
PATIENTS AND METHODS
Procedures. Deidentified patient health claims information was extracted from a data set representing a commercially insured US population of 15 million patients annually from January 1, 2007 to December 31, 2009. Patient-level data included administrative data (e.g., age and sex), pharmacy claims data (e.g., national drug code), physician and facility claims (e.g., procedure codes, diagnosis codes), and laboratory test results (e.g., logical observation identifiers names and codes, name of laboratory test).
At the beginning, all patients who obtained a TNFi for any indication were extracted from the data set (Figure 1 ), which resulted in 30,772 unique patients. These patients were then followed forward in time and defined as cases if they received medical care (inpatient or outpatient) for one ( 
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SALT ET AL fungal infection (unspecified mycosis; 117.9). A total of 183 unique patients were identified in this group. Although an increased risk of developing viral infections while taking TNFi has been reported in the literature, this was outside the scope of the proposed study (3, 4) . Of the 183 patients who received medical care for a targeted fungal or mycobacterial infection, 25 had also been diagnosed as having cancer. Because this diagnosis significantly complicated the clinical interpretation of a retrospective analysis, we excluded patients with cancer. The final analysis included 158 patients with a targeted fungal or mycobacterial infection. These patients were defined as the cases in the data set. Individuals who did not seek medical care attributable to targeted fungal or mycobacterial infections were defined as potential controls. The minimum duration of followup (i.e., from the TNFi index date through the end of the study) for the cases was 97 days, so only controls with at least 97 days of followup were eligible for inclusion in the study. Controls were randomly selected to frequency-match cases for the duration of followup (based on quartiles) and age (based on 10-year increments). While persons who obtained any TNFi were considered for case inclusion criteria, the 158 patients who met these criteria were found to have been prescribed adalimumab, etanercept, infliximab, or certolizumab. Therefore, all potential controls prescribed a different TNFi were not included in the sampling frame prior to random selection. The control-to-case sampling ratio was 3:1; therefore, 474 controls were included in the analysis, yielding a total sample size of 632.
Demographic and clinical information was abstracted from the commercial insurance database. Demographic information included date of birth, sex, race, educational level, and state of residence. Race was dichotomized as "white" versus "other," and education was categorized as "some college" versus "high school or less." State of residence was categorized into region as "Northeast," "Midwest," "West," or "South" (15) .
Clinical information abstracted included an indicator for diagnosis of cancer, HIV, or diabetes mellitus and concomitant prescription drug use (trimethoprim/sulfamethoxazole [TMP/ SMX], prednisone, or other medications potentially affecting risk of infection). TMP/SMX prescription was reported as yes or no for each individual. Prednisone was abstracted as dose (mg) and supply (days) for each individual prescription (allowing for the possibility of multiple prescriptions per person). Because more than half (58%) of the patients in the study were not prescribed prednisone, a binary variable for prednisone use was created for each patient to indicate whether they were prescribed prednisone at any time during the study period. A list of medications that could potentially increase risk of infection was compiled, and then an expert panel, which included a dermatologist, gastroenterologist, rheumatologist, infectious disease subspecialist, pulmonologist, and pharmacist rated each medication as conferring a "high" or "low" risk of infection (Table 1 ). Based on prescription records, a binary variable was created for each patient to indicate whether the patient was receiving a medication rated as conferring a "high" risk of infection (yes/no). Additional information extracted from the records included the generic and trade name of the prescribed TNFi and the index date (i.e., date of this prescription). Data were also extracted on the use of isoniazid and/or rifampin prior to obtaining a TNFi.
Data for screening procedures for targeted infections of interest for the 6-month period prior to initiating TNFi were abstracted using Current Procedural Terminology (CPT) codes ( Table 2 ). The codes extracted for screening were based on expert consensus (the expert panel included a dermatologist, gastroenterologist, rheumatologist, infectious disease subspecialist, pulmonologist, and pharmacist).
Outcome data were used to identify patients receiving an inpatient or outpatient medical treatment attributed to targeted fungal or mycobacterial infections. For each patient, a binary variable for receipt of medical care (yes/no) was created, and the number of infections was assessed. Any event occurring within 2 weeks of the baseline event (i.e., targeted fungal or mycobacterial infection) was considered the same event. An infection occurring more than 2 weeks after the previous infection was considered a separate infection.
Statistical analysis. Study variables were summarized by cases (receipt of medical care attributed to a targeted fungal or mycobacterial infection) and controls using means and SDs or frequency distributions and compared using a 2-sample t-test, chi-square test of association, or Fisher's exact test. To compare the likelihood of receiving medical care due to fungal or mycobacterial infections between pre-drug screened and nonscreened patients, we used multivariate logistic regression.
Covariates included in this model were race, education, geographic region, TNFi prescribed, diabetes mellitus, prednisone prescription, prescription of other medication conferring "high" risk of infection, TMP/SMX prescription, and pre-drug screening test. HIV status was considered, but no patients in the study sample had a history of HIV diagnosis. Odds ratios (ORs), 95% confidence intervals, and P values were determined. The Hosmer-Lemeshow goodness-of-fit test assessed model fit. Variance inflation factors were used to check for multicollinearity. All data analysis was conducted using SAS software version 9.
3. An alpha level of 0.05 was used in all statistical tests to determine significance.
RESULTS
This age-and followup time frequency-matched case-control study included 632 patients (158 cases and 474 controls). The mean 6 SD age of the patients was 46.7 6 13.0 years (Table 3 ). More than half (60%) were women, and approximately three-fourths (77%) were white. The majority had at least some college education. Patients prescribed a TNFi were predominantly from the South (52%) and Midwest (23%). Etanercept was the most commonly prescribed TNFi (42%), followed by adalimumab (37%) and infliximab (21%). Less than 1% of patients used certolizumab. Almost 15% of Approximately half of patients were prescribed another medication that conferred a "high" risk of infection concomitant with the TNFi. Less than 10% were prescribed TMP/SMX. Less than half (42%) were prescribed prednisone at any time during the study period. Among those who were prescribed prednisone, the mean 6 SD daily dose was low (4.6 6 6.3 mg). Patients prescribed prednisone who were diagnosed as having inflammatory bowel disease took the highest average daily dose (mean 6 SD 6.7 6 9.0 mg), followed by patients with rheumatoid arthritis (4.4 6 5.2 mg), psoriasis (4.3 6 8.9 mg), and ankylosing spondylitis (3.3 6 3.3 mg). Almost half of patients (49%) received pre-drug screening (TST, chest radiograph, etc.). Among patients who received pre-drug screening, the most commonly used tests were the TST (85%) and chest radiograph (31%). There were no differences in age, sex, race, or education between patients who received treatment for a targeted fungal or mycobacterial infection (cases) and those who did not (controls). A higher proportion of controls than cases were from the Midwest (24% versus 18%) or the South (53% versus 48%). Although not statistically significant compared to controls, a higher proportion of cases had diabetes mellitus (19% versus 13%; P 5 0.06) and were prescribed TMP/SMX (11% versus 7%; P 5 0.08). A higher proportion of cases were prescribed prednisone (55% versus 37%; P , 0.001). There were no differences in the percentage of cases and controls based on specific TNFi, use of other medication conferring a "high" risk of infection, or duration of followup time. We did not expect differences in age or duration of followup time, since those were used as matching variables for selection of controls.
Twelve patients who were prescribed a TNFi obtained a prescription for rifampin. Seven of these 12 patients did not receive a documented screening. A mycobacterial infection was diagnosed following the administration of a TNFi in 4 of the 12 patients; histoplasmosis was diagnosed following TNFi administration in 3 of the 12 patients, and tuberculosis was diagnosed following TNFi administration in 1 of the 12 patients and prior to administration in 2 of the 12 patients. Two of the 12 patients did not develop an infection, and 1 of those 2 patients was known to have had a screening test prior to TNFi administration.
Among the 158 cases, the median number of targeted fungal and mycobacterial infections per case was 1.0 (interquartile range 1.0-2.0). The most common infection was tuberculosis, which was diagnosed in 97 cases (61%), followed by histoplasmosis, which affected 95 cases (60%). Less commonly diagnosed infections were nontuberculous mycobacterial infections (11%), coccidioidomycosis (10%), unspecified fungal infection (8%), blastomycosis (4%), cryptococcal infection (3%), and pneumocystosis (2%). Among the 158 cases, there was a total of 253 infections (113 patients with 1 infection, 21 patients with 2 infections, 12 patients with 3 infections, 5 patients with 4 infections, 2 patients with 5 infections, 4 patients with 6 infections, and 1 patient with 8 infections) (Figure 2) . Of the 45 patients who developed multiple infections, only 4 were diagnosed using 2 codes for the targeted fungal and mycobacterial infections. The distribution of infections differed for each geographic region (Figure 2) . There was no difference in the percentage of patients receiving prednisone, TMP/SMX, or other medications conferring a "high" risk of infection between those with 1 infection and those with multiple infections. The mean 6 SD duration from the TNFi index prescription date to the first receipt of medical care for one of these infections was 281 6 203 days. Table 4 displays results of the multivariate logistic regression model that describe the likelihood of receiving medical care due to a targeted fungal or mycobacterial infection. The overall model was significant (v 2 5 29.6, P 5 0.005). Pre-drug screening was not associated with the likelihood of developing a targeted fungal or mycobacterial infection requiring medical care (P 5 0.70), nor was race, education, type of TNFi, diabetes mellitus, or concomitant prescription use. The significant covariates in the model were region (West versus South comparison) and prednisone prescription. Patients residing in the West were 77% more likely to seek medical care due to an infection, compared to those residing in the South (OR 1.77; P 5 0.03). Patients who were prescribed prednisone during the study period were 103% more likely to seek medical care attributable to a targeted fungal or mycobacterial infection, compared to those not taking prednisone (OR 2.03; P , 0.001). The Hosmer-Lemeshow goodnessof-fit test was not significant (v 2 5 8.3, P 5 0.40), suggesting that the model fit the data well. All variance inflation factors were ,4, suggesting that multicollinearity was not distorting parameter estimates.
DISCUSSION
We report a number of clinically important findings in this study. First, of the 30,772 persons who were prescribed a TNFi from 2007 to 2009 in this data set, excluding those with a previous cancer diagnosis, 158 (0.51%) received medical care attributable to a targeted fungal or mycobacterial infection. Second, of the cases, 61% had tuberculosis, 60% had histoplasmosis, 11% had nontuberculous mycobacterial infections, 10% had coccidioidomycosis, 8% had unspecified fungal infection, 4% had blastomycosis, 3% had cryptococcal infection, and 2% had pneumocystosis.
Our finding of a low incidence of developing these targeted fungal and mycobacterial infections while takinga TNFi is supported by prior research. Baddley and colleagues conducted a large retrospective study of 33,342 new TNFi users and found that 80 had developed a nonviral opportunistic infection (0.24%) (8) . Of those 80 cases, the most prevalent nonviral opportunistic infections included pneumocystosis (20%), nocardiosis (13%), tuberculosis (12.5%), and histoplasmosis (11.3%). Baddley and colleagues obtained data from 4 data sets, including the National Medicaid and dual MedicaidMedicare database, TennCare, New Jersey's Pharmaceutical Control for the Elderly programs linked to Medicare data, and Kaiser Permanente Northern California. Although Baddley and colleagues did not report the distribution of the sample in each geographic region in the US, given the databases that they used, it is possible that the different distribution of specific infections reported in that study as compared to ours is a result of the different proportions of geographic locations represented; this in turn would affect the reported patient exposures to infectious agents (8, 15) . Although the overall population from which the data were obtained is not distributed equally in each geographic region (16% from the West, 27% from the Midwest, 44.6% from the South, and 12.4% from the Northeast), we have described the distribution of specific infections in each geographic region in Figure 2 .
In the multivariate analysis, the most significant predictor of developing a targeted infection in our study was the use of prednisone. The use of other medications commonly considered high risk and prescreening for targeted infections did not predict the development of a targeted infection when included in the multivariate model. In the bivariate comparisons of cases versus controls, taking prednisone (P , 0.001) was significantly associated with developing a targeted infection. Baddley and colleagues reported an adjusted hazard ratio of 2.5 for developing a nonviral opportunistic infection with the use of any glucocorticoids in new TNFi users (8) . This supports the potential risk of the use of this medication reported in the present study. Neither study reported the effect of disease activity on developing a targeted nonviral infection. Thus, the question remains whether increased infection rates are related solely to the use of glucocorticoids or also to the active disease for which the medication is being prescribed. Interestingly, a higher percentage of patients who developed a targeted fungal or mycobacterial infection in the current study were taking TMP/SMX compared with controls. It is possible that providers recognized the risk of infection in this population and made attempts at controlling infectious processes among those most vulnerable. This study has a number of limitations. First, this was a retrospective review of a commercial insurance database; therefore, data were available for those medications and treatments that were charged for by health care providers and paid for using insurance coverage. It is possible that additional health screenings and medications were obtained and paid for with other resources. There may also have been inaccuracies in providing ICD-9 and CPT codes. Given the retrospective nature of the data collection, we were also unable to assess the number of patients who were screened and then not given a TNFi.
In conclusion, findings from this study suggest that the development of a targeted fungal or mycobacterial infection among patients taking a TNFi is rare (0.51%). The use of prednisone predicted the development of targeted fungal or mycobacterial infection. While other personal and clinical variables were marginally associated with infection status in the bivariate analysis, they were not significant predictors of infection in the multivariate logistic model.
